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L Tale of !he invention : 

- Inactivaiion of food spoilage and pathogenic bacteria by dynamic high-pressure 
homogenization (HPKD- 



2. Domain of the invention : 

- The invention is applied to food for inacUvation of pathogenic bacteria. Dynamic 
high-pressure homogenization is used as a new alternative technology for 
preservation and safety products (milkt cheese, water, by-products, etc.) 



3, Commercial applications of the invention : 

- The high-pressure homogenization has the capability to kill microorganisms in 
milk and dairy or food products (cheese,...) and is used as a new food 
preservation technology. This process do not damage milk quality and allows a 
higher bactericidical effect than that obtained by thermal processing 
(pasteurization) and high hydrostatic pressure. 

- The high-pressure homogenization is an alternative method for the treatment of 
water and the inactivation of enteric viruses such as hepatitis A, rotavirus and 
Norv-'alk virus. 

^ The high-pressure homogenization will be applied in inactivating bacteriophages 
of lactic acid bacteria. 

- High-pressure homogenization could also be used as disruption process for 
large-scale production of intracellular high-valued products (proteins, enzymes 

^ : and imponant care products such interterons. antibiotics and vaccines). 
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4. Sumrtuiry of the invennon : 

- The invention consists in using dynamic high-pressure horaogenization for 
inactivation of food pathogens, Dtfferents pathogenic strains were used to 
inoculate buffer solution and milk samples at different concentrations (lO to 10 
CFU/ml). The ceU suspensions were treated by high pressure homogenizer at 1 
to 3 kBar with 1 to 5 recirculations (high pressure honxogenizer Avesiin 
equipment is used). The experiments were carried out at temperature ranging 
from 4"* to 55°C and at pH ranging between 5,0 to 9,0 with different buffer 
solutions. The bactericidal effect was estimated by determining the residual 
bacterial count on plate count agar. 



5. Description ofxhe invention 



The cell suspensions are pressurized by dynamic high-pressure homogenizer 
using pressures ranging from 1 to 3 IcBar. The disruption device used in these 
appUcations was EraukiFlex, model C-50 from Avestin. The poteniial to kiU 
bacteria by combinations of high pressure and number of recirculations obviously 
exists, at room temperature ; for each pressure (1, 2 and 3 kBar), the cell 
suspension is recirculated I. 3 and 5. The invention is said to give important 
inactivation for pressure 2 kBar - 3 recirculations for Gram-positive bacteria and 
pressure 1 kBar - 3 recirculations for Gram-negative bacteria. 

The high pressure homogenization is carried out by a continuous process that 
destroy microorganisms. The resistance of microorganisms to high-pressure 
homogenization is variable ; the inactivation of pathogenic bacieria group, 
Gram-positive {Listeria monocytogens) and Gram-negative (Escherichia colh 
Salmonella enteretidis) has been studied. These strains were resuspended in 
phosphate buffer at pH 7,3, or inoculation in raw milk, to a population of 10 to 
lo* CFU/ml. Generally, the Gram-positive bacteria are inactivated at higher 
pressures than Gram-negative bacteria, A total destruction of Gram-positive 
bacteria is obtained at 3 kBar after 3 recirculations into equipment whereas at 2 
kBar pressure is sufficient to achieve a total inactivation of Gram-negative 
bacteria. 

Differenis cell populations have been treated by dynamic high-pressure 
homogenizers and samples were submitted to 2,5 kBar pressure, 1 recirculation 
at room temperature. The cells are harvested by centrifugation and resuspended 
in phosphate buffer to a population of lO'* to lO' CFU/mL In general a better 
inactivation rate was obtained with low initial bacterial counts. For Gram- 
positive bacteria, a total reduction is obtained with initial counts of 10 CFU/ml 
whereas the same effect is obtained with initial counts of 10' CFU/ml for Gram- 
negative bacteria. 
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The effectiveness of dynamic high-pressure homogenization is affected by cell 
suspension temperature. The homogenization (2,5 kBar - 1 recirculation) is 
carried out temperature ranging from 4^ to 55^C. Higher teraperaiuie (55^0 
prior hish-pressure homogenization. significandy increases the bactericidal effect 
that has been obtained. The synergic effect between heat and high-pressure 
homogenization is more signifeant for Gram-positive bacteria probably because 
of the cell wall structure. 

The pathogenic ceU suspensions were u:eated by high-pressure homogenization 
(2,5 kBar - 1 recirculation - room temperature) and buffer sobition pH ranging 
was adjusted from 5,0 to 9,0. No pH effect was observed on Gram-negative 
bacteria. However for Gram-positive bacteria, increasing the pH from 5 to 9 is 
associated with increase in the suceptibility of bacteria to high-pressure 
homogenization. 

The effectivness of high-pressure homogenization as an alternative method to J, 
inactive food pathogens was compared to thermal processing (pasteurization), .^j 
raicrofiltration and*^ hydrostatic high pressure. The dynamic high-pressure Ji 
homogenization is more effective than hydrostatic high pressure (at same 2^ 
pressure) and than pasteurization. 

The specific desisn of the chamber of the high-pre35ure equipment is critical in J 
the process. The chamber of the Avestin EF C-SO is different than a conventional n 
homogenization flat head valve with stainless steal valve needle shape design. :fi 
Other'type of valve design can be used (ceramic flat head). The ceU suspension is ^ 
forced through an adjustable restricted-orifice discharge valve, ^ 

Microorganisms are disrupted by a multiplicity of mechanisms : Che sudden 
pressure^drop, shear stresses, cavitation and impingement. The overaU pressure 
drop and the rate at which it occurs can be responsible for the cell disruption. 

The structure of bacteria varies considerably between Gram-positive and Gram- 
negative organisms. It is generaUy accepted that the ceU walls of Gram-positive 
bacteria are more rigid due to the thick murein layer. The Gram-negative ceU 
walls contain chin murein layer, but they are addllionaUy coated with a thin ^ 
lipopolysaccharide layer. For these reasons, 'high-pressure homogenization was 
shown to have stronger effects on Gram-negative microorganisms. 
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6. Principal applications of the invention : 

The high-pressure homogenizatioti is a new processing lechnology for : 

- Extending normal shelf life of fresh food while at same time maintening 
nutritional quality and ensuring safety (milk, cheese). 

- Inactivating food spoilage raicroorganisras and food-bom diseases (aliemaiive 
procedure 10 iherraal processing and irradiation). 

- Inactivaiina food pathogens such Usteria monocyiogens. Escherichia coli and 
Salmonella in milk has been evaluated by comparaison to pasteurization, to 
inicrofiltration and to hydrostatic high-pressure. 

- Treatment of water and the inacdvation of enteric viruses such hepatitis A, 
rotavirus and Norwalk virus and parasites. 

- EHminatins lactic acid bacteria bacteriophages from cheese plant by treating milk 
and whey samples. 

- Large-scale -production of intraceUular high-valued products such as nucleic 
acids, enzjines, proteins- 

7. Anterior art and litteramre : 

- There is a need for technological advances in methods for extending the shelf life 
and safet\' of perishable foods. High hydrostatic pressure as been used for large 
scale production of complex and high-valued biotechnology products. 
intraceUular products such enzymes, nucleic acids (Sauer, Robinson and GUck 
1989, Popper and Knorr 1990). These process technology induces a number of 
changes te the morpholog>'. biochemical reactions, genetic mechanisms, and cell 
membrane and waU of microorganisms. However, pressure ranging from 3 kBar 
to 7 kBar are necessary to kill rafcroorganisms (Liberty. Hodzic and Aureli 
1996). 

- The use of hish-pressure horaogenizatioo to inactivate food pathogens have 
never been reported. In contrast to hydrostatic high pressure ireaimeni, the 
dynamic high pressure used low pressure, as about 2 kBar (Popper and Knorr 
1990 Branks 1993) to achieve same bacteria inactivation results. At this 
pressure, food constituants are less damage. The disruption bacteria to be 

* : proportional to the number of recirculation and the operating pressure (Sauer, 

Robinson and Glick 1989). 
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Usins a Avestin Erailsiflex high-pressure homogenizer aUows continuous flow 
operations while hydrostatic high pressure uses batch operations. A greater 
disruption of bacteria is possible with dynamic high-pressure, compared to other 
high-pressure devices. 
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Listeria monocytogenes 
before and after treatment high-pressure homogenization 




1 kBar, 1 recirculaxion 





2 ^£ir, 1 recirculation 



3 ifliir, 1 recirculation 




THIS PAGE BLANK (uspto) 




